Junghee Shin. Preparation and characterization of fine powdered whole soybean curd.
INTRODUCTION *
According to the findings of a recent epidemiological investigation, the incidence of hormone-related disorders such as prostate cancer, breast cancer, osteoporosis, and cardiovascular diseases were significantly higher in Western societies, which have higher intake of meats and lower intake of soybeans compared with East Asians, who belong to the soybean food culture category. As a result, there is more interest in the intake of soybeans and in the bioactive compounds contained in soybeans [1] . It was found that the dietary fibers and phytochemical compounds contained in soybeans are responsible for their prophylactic effects [2, 3] . Meanwhile, as our eating habits have changed from a traditional diet that obtains proteins from beans and processed beans to a meat-oriented, western-style dietary pattern, the incidence of metabolic diseases such as obesity, diabetes and hyperlipidemia are currently on the rise. Meat-oriented protein intake increases the intake of saturated fatty acids, which leads not only to various adult diseases and cancers, but also has an amplifying effect for the occurrence of obesity, cardiovascular diseases, colorectal cancer and prostate cancer due to the reduced intake of a variety of bioactive substances contained in beans [3] . Recently, consumers with meatoriented eating habits have become more interested in heathy food, manifested as a growing interest in vegetarian diets. Consumer interest in healthy food containing plenty of bioactive substances that prevent obesity and cardiovascular diseases in addition to enhancing immunity is increasing along with its consumption.
Although soybean curd has been established for a long time as an important protein food source for Koreans [4] , the utilization and consumption of the food have been limited. Intake of soybean curd is primarily limited to side dishes such as roasting and stews due to its bland taste and hard texture. However, recently, as the soybean curd diet continues to gain popularity among young people, interest in the development of diverse soybean curd products is on the rise while breaking the concept of the food as a side dish. Soybean curd is a very good addition to the diet in that it is a low-calorie food with 80~90 kcal / 100 g, gives a feeling of fullness due to its high water content, has a higher digestive absorption rate than soybeans by 95% [3, 5] and stimulates bowel movements due to its high dietary fiber content. During the conventional soybean curd manufacturing process [6, 7] , soybeans are soaked in about10 times the amount of water for 10 hours to increase the extraction efficiency of proteins. The soybeans are then ground along with water, followed by steaming and filtering out bean-curd dregs. The resulting soybean milk is hardened by adding bittern. Because of the high amount of water used in the hardening process, physical pressure is applied for dehydration and shaping. When soybean curd is manufactured with this traditional pressing method, many soluble proteins are lost during the processes of long-soaking and pressing. Major bioactive compounds contained in the husk of soybeans such as isoflavones, dietary fibers, saponins and oligosaccharides are lost to the bean-curd dregs as well. Both the large nutritional loss and low yield of pressed soybean curd due to the removal of bean-curd dregs are factors that increase the manufacturing cost. Moreover, recently, the price of imported soybeans is half that of domestic soybeans, which makes the accessibility of soybean curd made of domestic soybeans to general consumers difficult. For this reason, a manufacturing process for whole soybean curd that includes all components of the typically discarded bean-curd dregs was developed [7, 8] . However, due to the rough texture of the bean-curd dregs, it did not receive a positive response from consumers. As the technology for the micropulverization of raw soybeans to 700 mesh was recently popularized, whole soybean curd manufactured with finely powdered soybeans is now on the market. However, most of the research on soybean curd to date was by studies that compared the characteristics of pressed soybean curd after adding specific substances to plain soybean curd [3, 5, 9, 10] . Research on whole soybean curd [7, 8, 11] focusing on the nutrients [7] and physical properties of fine powered whole bean curd [8] is limited. Therefore, the purpose of this study is to manufacture whole bean curd made of fine power and analyze it in terms of the yield rate, nutrients including dietary fibers, quality, bioactive compounds such as isoflavone and antioxidant activities for a comparison with pressed soybean curd. Additionally, the study aims to examine the potential for the development of soybean curd as diet food and for treatment.
METHODS

Materials for whole soybean curd and the manufacturing process Experimental materials
In order to ensure the functionality and price-competitiveness of the resulting product, Daepung bean, which is a domestic species with high isoflavone content, low production cost and price-competitiveness compared to imported soybeans, was selected for use in the experiment. To improve the yield rate while maintaining the soft flavor, whole soybean curd was manufactured using soybeans micropulverized to 700 mesh. During the whole soybean curd manufacturing process, natural bittern (prepared seawater magnesium chloride) and TG (trans glutaminase, Ajinomoto Korea Inc.), were added to the soybean milk as coagulants with concentrations up to 0.9% of the soybean milk to strengthen the resilience of the whole bean curd.
Manufacturing of whole soybean curd
The manufacturing process for whole soybean curd is as shown in Fig.1 . The soybean curd samples were commissioned and manufactured by Jayeondleae, Inc. Raw soybeans were passed through a cutting machine to make fine powder to 700 mesh. The resulting Daepung bean powder was mixed with water to a concentration of 14°Bx and then heated for 30 minutes at 103℃ to make warm soymilk. After a 2:1 mixture of MgCl 2 and Transglutaminase was added to the warm soymilk as a coagulant at a concentration of up to 0.9% of the total amount of the soybean milk, it was heated for 30 minutes at 85℃ for stabilization, followed by packaging and sterilization for 30 minutes at 85℃.
The composition and quality characteristics of whole soybean curd
Component analysis
Nutritional components Nutritional components were measured according to the methods described in the Food Code [12] . Water content was measured by heat drying under atmospheric pressure and indicated as a percentage. Crude fat, crude protein and crude 
Isoflavone content
For the measurement of isoflavone content, the following method was repeated three times. Samples were extracted by adding 2 mL 0.1 N HCl and 10 mL acetonitrile to a 2 g sample, followed by stirring at room temperature for 2 hours. Then, after the extract was centrifuged at 3,400 rpm for 20 minutes, 8 mL supernatant was mixed with 10 ml 80% methanol, followed by stirring using a vortex mixer and filtration through a filter paper of 0.2 µm PTFE membrane for analysis with HPLC. Daidzein, genistein and glycitein, which were used as reference substances, were purchased from Sigma-Aldrich Com. (St. Louis, MO, USA).
Quality characteristics Chromaticity
To evaluate the chromaticity of the whole soybean curd, the values of L (lightness), a (redness) and b (yellowness) were determined using a chromameter (CM-3500d, Minolta Co., Osaka, Japan). The measurement of chromaticity was repeated three times and the value was inserted into the following formula to obtain △E (color difference).
Reference white panel: L s value was 97.75, a s value was -0.38 and b s value was 1.88
Texture
To examine the texture of whole soybean curd, it was cut into a predetermined size (2 × 2 × 2 cm) and then subjected to Texture profile analysis (TPA) using texture (TA/XT2, Stable Micro System, UK). The measurement conditions are as shown in Table 1 . and the values of hardness, springiness, cohesiveness, adhesiveness and chewiness for the soybean curd were measured.
Antioxidant activities Total polyphenol content
To determine the total polyphenol content, 1 mL 2% Na 2 CO 3 solution(w/v) was added to 1 mL of the methanolextracted sample. After 3 minutes of sitting, 200 μl 50% Folin-Ciocalteu reagent (Sigma-Aldrich, St. Louis, MO, USA) was added, followed by vortexing and 30 minute incubation for reaction. After the incubation, the absorbance was measured using a spectrophotometer (Epoch Microplate Spectrophotometer, BioTek Instruments, Winooski, Vermont, USA) at 750 nm. Gallic acid (Sigma-Aldrich, St. Louis, MO, USA) was used as a reference substance for total polyphenol content and the absorbance was inserted into the formula obtained from the standard curve to determine the total polyphenol content of the sample.
Total flavonoid content
For total flavonoid content determination, 10 ml 90% diethyleneglycol was mixed with 0.2 ml of the methanolextracted sample. 0.2 ml 4N NaOH was added, followed by incubation for reaction at 30℃ for 5 minutes. After the reaction, the absorbance was measured using a spectrophotometer (Epoch Microplate Spectrophotometer, Biotek Instrumnets, Winooski, VT, USA) at 420nm. Rutin (Sigma Chemical Co. St. Louis, MO, USA) was used as a reference substance for total flavonoid content and the value of absorbance was inserted into the formula obtained from the standard curve to determine the total polyphenol content of the sample.
DPPH scavenging activity
To measure the DPPH scavenging activity, 80 ml 0.4 mM DPPH solution (Sigma Chemical Co. St. Louis, MO, USA) was mixed with 500 ml methanol, which was filtered through a filter paper (Toyo, no.5A) and stored in a cool, dark place. Methanol was added to 0.8 mL of the prepared DPPH solution, followed by stirring for 10 seconds. The amount of methanol was adjusted to bring the value of the absorbance after stirring to 0.95-0.99. Afterward, 0.2 ml methanolextracted sample, 0.8 ml prepared DPPH solution and an appropriate amount of methanol were mixed, stirred vigorously for 10 seconds and allowed to sit for 10 minutes. The absorbance was then measured using a spectrophotometer (Epoch Microplate Spectrophotometer, BioTek Instruments, Winooski, Vermont, USA) at 517nm. Instead of the methanol-extracted sample, the same amount of methanol was used to measure the absorbance of the control group. Table 3 . Nutritional components of different soybean curds
Yield of soybean curd (%) 1) Pressed soybean curd 280
Whole soybean curd 530 1) Yield of soybean curd(%) = weight of soybean curd product/weight of soybean (100g) 
ABTS scavenging activity
To measure ABTS scavenging activity, a radical stock solution was made by mixing the same amount of 7mM ABTS (2,2 '-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid, Sigma Chemical Co. St. Louis, MO, USA) and 2.45mm postassium persulfate. The radical stock solution was diluted to bring the absorbance to 0.7 ± 0.02 when measured at 734nm with a spectrophotometer. 970 µl radical stock solution was added to 50 µl sample and the absorbance was measured at 734nm. Methanol was used for measurement of the absorbance of the control group.
ABTS radical scavenging activity (%) =
(1 -Absorbance of sample Absorbance of the control group ) × 100
Statistical processing
All tests except for the measurement of general composition and sensory evaluation were measured in triplicate and all the experimental data were indicated as the mean ± standard deviation (SD). All statistical processes were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA) with the significance level of P < 0.05. ANOVA (analysis of variance) was performed and Duncan's multiple range test was used for post verification if significance was observed.
RESULTS AND DISCUSION
Component analysis Yield rate and nutritional components
The yield rates of pressed soybean curd and whole soybean curd during the manufacturing process were as shown in Table  2 . The yield rate of fine powdered whole soybean curd was 530%, which was a 1.9-fold increase from pressed soybean curd. The analysis of nutritional components revealed that the water content of whole soybean curd was high at 86.9% and the nutritional components were as shown in Table 3 . Crude protein and crude fat were decreased in the whole soybean curd and carbohydrates including dietary fibers were increased by approximately two-fold. According to the analysis, the amount of protein in whole soybean curd was lower than in pressed soybean curd. However, considering that the yield rate of whole soybean curd was increased by 1.9-fold compared with pressed soybean curd, it is reasonable to assume that its nutritional components are not significantly inferior to those of pressed soybean curd. This result is in agreement with a previous study [7] that analyzed the general nutritional components of whole soybean curd. Unlike the previous study, crude fat was decreased significantly in this experiment and because of this result, whole soybean curd is expected to be effective as a diet food. After excluding the contents of crude protein and crude fat, carbohydrate content was found to be about twice higher than in pressed soybean curd because it included dietary fibers, which was consistent with the previous study [7] . Pressed soybean curd is presumed to lose a lot of water-soluble sugars during the pressing and shaping processes. More detailed studies on the dietary fibers and oligosaccharides contained in whole soybean curd are needed in the future.
Isoflavone content
The isoflavone content of whole soybean curd was analyzed and found to be 218 μg/g, which was lower than in pressed soybean curd with 287 μg/g, as shown in Table 4 . Isoflavone content varies in different soybean species and this study cannot be compared with other studies due to the lack of analytic studies on the isoflavone content of whole soybean curd. However, given that the yield rate of whole soybean Values are mean ± SD. ns: not significant. Different letters within a column indicate significant differences (p < 0.05) at α = 0.05 as determined by Duncan's multiple range test (a > b > c). Table 7 . Antioxidant activities in different soybean curds curd in this experiment was increased by approximately 1.9 fold compared with pressed soybean curd and that its water content was high, the concentrations of bioactive substances were likely to be reduced.
Quality characteristics Chromaticity
The surface color of whole soybean curd was measured by a chromameter and the results are as shown in Table 5 . The L value indicating the brightness (L) was similar and the a value of whole soybean curd indicating the redness was lower than regular soybean curd, whereas the b value of whole soybean curd indicating the yellowness was significantly higher (p < 0.05). That is, whole soybean curd was shown to be lower in redness and higher in yellowness than regular soybean curd.
Texture
The mechanical properties of whole soybean curd were analyzed and the results are as shown in Table 6 . Compared with pressed soybean curd, only the hardness value of whole soybean curd was significantly reduced, whereas the springiness, cohesiveness, adhesiveness and chewiness were all similar. Therefore, this result indicates that whole soybean curd has a softer texture than pressed soybean curd. This is likely due not only to the omission of the physical pressing process during the manufacturing of whole soybean curd, but also to the coagulators used and the content of soluble dietary fibers. Nowadays, consumers prefer soft properties and the softness of whole soybean curd provides excellent distinctiveness for developing diet products and various whole soybean curd products not restricted to side dishes.
Antioxidant activities
The antioxidant substances and antioxidant activities of whole soybean curd was analyzed and the results are as shown in Table 7 . As the yield rate of whole soybean curd was increased by 1.9-fold compared with pressed soybean curd, the contents of most nutrients and bioactive substances were decreased. However, the total amounts of phenol, DPPH scavenging activity and ABTS were significantly increased, indicating excellent antioxidant activity. These results suggest that whole soybean curd has a higher potential of being developed as healthy and diet food than pressed soybean curd.
CONCLUSION
During the production of whole soybean curd, the manufacturing time was shortened by omitting the processes of soaking and pressing. Price-competitiveness was secured by increasing the production yield rate by 1.9-fold. In this study, the nutritional components, bioactive substances, quality characteristics and antioxidant activities of whole soybean curd were analyzed and the results showed that the contents of nutrients and isoflavones were reduced to a certain extent, whereas carbohydrates including dietary fibers and antioxidant activity were significantly increased. In addition, due to the omission of the pressing process, water content was increased and the soft properties were improved. This facilitates the development of products that can be eaten in a variety of containers unlike regular soybean curd. Therefore, diverse whole soybean curd products supplemented with minor ingredients such as fruits, nuts, seaweed, etc. according to the desired taste and functionality are likely to be released in the future. These products are expected to be utilized in the diet market and as food for infants, the elderly and patients.
